Introduction
============

Infectious keratitis is potentially devastating disease that can lead to serious visual impairment.[@b1-imcrj-8-327],[@b2-imcrj-8-327] To prevent permanent vision loss, early identification of causative organisms and prompt initiation of adequate antibiotics are important.[@b3-imcrj-8-327],[@b4-imcrj-8-327] Understanding the recent characteristics of infectious keratitis including predisposing factor and microbiologic profile are essential in the treatment of the condition. Clinical features of the disease vary according to age, area of inhabitation, socioeconomic status and general condition, and may also change over time.[@b5-imcrj-8-327]--[@b7-imcrj-8-327] Recently, for instance, infectious keratitis associated with contact lens (CL) wear in younger patients has increased with the corresponding widespread use of CL.[@b5-imcrj-8-327]--[@b7-imcrj-8-327]

Profiles of infectious keratitis have been reported worldwide, including those from Korea.[@b1-imcrj-8-327],[@b3-imcrj-8-327],[@b5-imcrj-8-327],[@b6-imcrj-8-327],[@b8-imcrj-8-327]--[@b12-imcrj-8-327] However, to the best of our knowledge, information regarding infectious keratitis of patients residing in rural Korea has never been reported.

In this study, we investigated the clinical features of infectious keratitis including predisposing factors and microbiological profile at a tertiary referral center in rural area of Korea.

Patients and methods
====================

This retrospective study included 70 patients who were diagnosed with infectious keratitis and underwent corneal culture at Kangwon National University Hospital from June 2007 to October 2014. Medical records were reviewed and analyzed for data including demographics, microbiologic profile, and predisposing factors. The study conformed to the tenets of the Declaration of Helsinki. Ethical approval and patient consent was not obtained because this is a retrospective study in which only review of medical records was done.

In every case, scraping on the corneal lesion with a sterile blade was performed, and culture of the corneal sample was done using blood agar plate, chocolate agar plate, Thioglycollate broth, Sabouraud's agar, and Brain--Heart infusion broth. If there was growth on the cultures, Gram staining and potassium hydroxide mount were performed. Empirical medical therapy was started immediately after the corneal scraping. Most patients received combination of topical 10% cefazolin and 2% gentamicin as a primary antibiotics treatment, and topical levofloxacin or moxifloxacin was used in some cases. In cases with corneal ulcer greater than 3 mm in diameter or rapidly progressing inflammation, 3.1% vancomycin and 2% amikacin were chosen as a primary treatment. Antifungal agents including 0.5%--3% amphotericin or 1% voriconazole were also initiated in cases with suspicious fungal infection. After culture results were available, we changed antibiotics based on the sensitivity tests.

Positive culture rates according to previous use of antibiotics were compared using Fisher's exact test, and *P*-value \<0.05 was considered significant. SPSS for Windows (version 18.0, SPSS Inc., Chicago, IL, USA) was used for statistical analyses.

Results
=======

Study population comprised 53 (76%) men and 17 (24%) women. The mean age of all subjects was 56.7±17.0 years (range, 6--88 years). Forty-eight patients (69%) were ≥50 years old, whereas eight patients (11%) were \<40 years old. Unimodal age distribution with a peak at fifth and sixth decades was observed. Details of age and sex distribution are shown in [Figure 1](#f1-imcrj-8-327){ref-type="fig"}.

Regarding predisposing factors, ocular surface disease was most frequently found (48 cases, 69%). Corneal erosion was the most common disease (36 patients), followed by recurrent corneal erosion (3 patients), herpes keratitis (3 patients), bullous keratopathy (2 patients), graft-versus-host disease (2 patients), neurotrophic ulcer (1 patient), and chemical burn (1 patient). Five patients (7%) had a history of previous ocular surgery. Two of those patients had history of cataract surgery, and one patient had history of patch graft surgery due to scleromalacia perforans. One patient had received glaucoma filtration surgery and the remaining one patient had a history of pars plana vitrectomy. Corneal trauma was noted in 15 cases (21%). Four of them had trauma with organic material and five patients had metallic foreign body in cornea. Fourteen of 15 patients with a history of corneal trauma were male patients. CL wear was reported in two cases (3%). Predisposing factors of infectious keratitis are summarized in [Table 1](#t1-imcrj-8-327){ref-type="table"}.

In 15 patients (21%), corneal culture revealed positive results. Twenty-four patients (34%) received treatment with topical antibiotics before referral. Positive culture rate was 17% (4 of 24 cases) in patients with prior treatment with antibiotics, and 24% (11 of 46 cases) in those who did not receive antibiotics treatment. However, no statistically significant difference was found in culture positive rate between the two groups (*P*=0.554, Fisher's exact test). [Table 2](#t2-imcrj-8-327){ref-type="table"} shows comparisons of positive culture rates according to previous use of antibiotics.

Single microorganism was isolated in 14 patients, and two organisms were identified in one patient. Gram-positive bacteria was most common (ten patients, 67%), followed by Gram-negative bacteria (three patients, 20%) and fungi (two patients, 13%). Culture results are summarized in [Table 3](#t3-imcrj-8-327){ref-type="table"}.

Discussion
==========

In the present study, we evaluated clinical features of infectious keratitis including age and sex distribution, predisposition factors, and microbiologic profile.

The age distribution showed single peak in patients aged in their 50s and 60s, and only 11% of patients aged \<40. The results are inconsistent with the recent studies that demonstrated bimodal age distribution in the young and in the elderly.[@b5-imcrj-8-327]--[@b7-imcrj-8-327] CL-related infectious keratitis was only two cases (3%) in this study, which is in discordance with those of the previous studies in Korea that 26%--40% of infectious keratitis was associated with CL wear.[@b13-imcrj-8-327],[@b14-imcrj-8-327] Studies conducted in other countries also demonstrated that 30%--50% cases of infectious keratitis were associated with CL wear, and the incidence is higher in patients aged in their 20s and 30s.[@b7-imcrj-8-327],[@b15-imcrj-8-327] These results could be explained by the fact that Kangwon province is a rural area where proportion of elderly population is higher and only small population of youngsters reside.

In the present study, the proportion of male patients was higher than female patients, which is in agreement with the male preponderance in the elderly reported in another study.[@b16-imcrj-8-327] It is conceivably due to the fact that males are more susceptible to trauma. In this study, 14 of 15 patients with infectious keratitis associated with corneal trauma were male.

The results that ocular surface disease was most common predisposing factor for infectious keratitis correspond well with the previous reports.[@b5-imcrj-8-327],[@b7-imcrj-8-327],[@b16-imcrj-8-327],[@b17-imcrj-8-327] Corneal trauma was the second common predisposing factor. Infectious keratitis after corneal trauma is common in undeveloped countries or rural areas,[@b7-imcrj-8-327],[@b18-imcrj-8-327],[@b19-imcrj-8-327] and decreased with economic development and urbanization.[@b15-imcrj-8-327],[@b19-imcrj-8-327] The relatively high proportion of corneal trauma might be explained by the fact that most of the patients included in this study were the elderly residing in rural areas and live on farming, thus having an increased risk of corneal trauma and exposure to pathogens.

Positive culture rate was 21%, which is lower compared to the results of previous studies that causative microorganism was identified in 40%--68% of cases.[@b1-imcrj-8-327],[@b5-imcrj-8-327]--[@b7-imcrj-8-327],[@b9-imcrj-8-327],[@b20-imcrj-8-327],[@b21-imcrj-8-327] Empirical antibiotics treatment, slow growth of microorganisms on culture media, other causes of keratitis including virus and improper corneal sampling might account for the low positive culture rate in this study.[@b8-imcrj-8-327] Patients with prior topical therapy had lower positive culture rate compared to those who did not receive antibiotics treatment before referral, although the difference was not statistically significant. Prior studies demonstrated that empirical use of antibiotics is associated with decreased positive culture rate.[@b1-imcrj-8-327],[@b6-imcrj-8-327] Meanwhile, van der Meulen et al[@b6-imcrj-8-327] showed the rate that culture outcomes affected modification of initial antibiotic therapy was only 4.5%, suggesting the effectiveness of empirical treatment with antibiotics. With the development of antibiotics, such as fourth-generation quinolone including moxifloxacin and gatifloxacin, the effectiveness of empirical treatment with commercially available antibiotics can be enhanced. For instance, Sharma et al[@b22-imcrj-8-327] recently revealed that 0.5% moxifloxacin monotherapy is equally effective as combination therapy using fortified cefazolin and tobramycin in the treatment of moderate bacterial corneal ulcers.

In this study, Gram-positive bacteria were the most frequently identified pathogen, and *Staphylococcus* species was the most common Gram-positive bacteria, which is in agreement with previous reports.[@b1-imcrj-8-327],[@b7-imcrj-8-327],[@b20-imcrj-8-327],[@b23-imcrj-8-327] By contrast, several recent studies demonstrated high incidence of keratitis caused by Gram-negative bacteria, especially *Pseudomonas aeruginosa*.[@b5-imcrj-8-327],[@b6-imcrj-8-327],[@b21-imcrj-8-327],[@b24-imcrj-8-327] Prior studies in Korea also reported that *Pseudomonas* species was the most common pathogen.[@b13-imcrj-8-327],[@b14-imcrj-8-327] The results of the present study are in discordance with those studies, conceivably because of low proportion of CL-related keratitis.

Although this study has a limitation that only a small numbers of patients at one tertiary referral center were included, we believe that this study provides updated data of infectious keratitis in a rural area of Korea, and can be informative particularly regarding infectious keratitis in rural areas. Further studies including larger population are needed for more generalized data.

Seung-Jun Lee and Jang Hun Lee share first authorship for this paper.

**Disclosure**

The authors report no conflicts of interest in this work.

![Distribution of the patients according to the age and sex.](imcrj-8-327Fig1){#f1-imcrj-8-327}

###### 

Predisposing factors for infectious keratitis

  Factors                  Number (%)
  ------------------------ ------------
  Total                    70 (100)
  Ocular surface disease   48 (69)
  Corneal trauma           15 (21)
  Corneal surgery          5 (7)
  Contact lens             2 (3)

###### 

Comparison of positive culture rates according to previous use of antibiotics

                       Total (%)   Antibiotics (%)   No antibiotics (%)   *P*
  -------------------- ----------- ----------------- -------------------- ---------------------------------------------------
  No of cultures       70 (100)    24 (34)           46 (64)              
  Positive cultures    15 (21)     4/24 (17)         11/46 (24)           0.554[\*](#tfn1-imcrj-8-327){ref-type="table-fn"}
  Polymicrobial        1                             1                    
  Bacterial isolates   13          3                 10                   
  Gram-positive        10          3                 7                    
  Gram-negative        3                             3                    
  Fungi isolates       2           1                 1                    

**Note:**

*P*-value was calculated by Fisher's exact test.

**Abbreviation:** No, number.

###### 

Causative organisms isolated in cultures of corneal scrapes

  Organism                    Number
  --------------------------- --------
  Total                       15
  Gram-positive bacteria      10
   *Staphylococcus aureus*    3
   *Staphylococcus capitis*   3
   *Staphylococcus warneri*   1
   *Staphylococcus hominis*   1
   *Micrococcus* species      2
  Gram-negative bacteria      3
   *Escherichia coli*         1
   *Serratia marcescens*      1
   *Hafnia alvei*             1
  Fungus                      2
   Fusarium                   1
   Alternaria                 1
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